INTRODUCTION
Phosphate metal finishing is still considered the highest standard for the pretreatment of steel profiles before applying organic coatings [1] . These coatings form a suitable anchor profile for different systems of organic coatings and prolong the overall life of corrosion protection. This is achieved primarily because the treatment provides long-term protection from corrosion to the organic coating [2] [3] [4] [5] [6] .
Phosphate coatings are usually crystalline and are clearly divided by the content characteristic of metal cation per molecule: zinc phosphating, zinc/calcium phosphating, manganese phosphating and iron phosphating (amorphous coating, only indicates crystal structure, the dominant phase is formed by Fe 3 (PO 4 ) 2 ·8H 2 Ovivianite). The individual coatings differ from each other not only in crystal structure, but also specific coating weight (g/m 2 ), grain morphology, toughness, cleavage, porosity, thermal stability and, finally, color [1, 2, 7, 8] .
Heat stability, i.e. resistance of the crystalline coating to dehydration, is, in many respects, a key property of the phosphate coating. It is important first of all to verify the value of the initial dehydration and quantitative assessment of the degree of dehydration (the amount of evaporated molecules of H 2 O). Dehydration of the phosphate coating during deposition of the primer coating may negatively affect its bond (thermosetting paint, plasma deposited coatings) [9] .
Recent research confirms the possibility of using a new type of magnesium phosphate crystal based on bobierrite (Mg 3 (PO 4 ) 2 ·4H 2 O) and especially newberyite (MgHPO 4 ·3H 2 O) for the corrosion protection of steel [10] [11] [12] . Furthermore, it has been verified that the MgHPO 4 ·3H 2 O coating can successfully precipitate on magnesium alloys [13] [14] [15] . Since it has been demonstrated that newberyite coatings provide comparable corrosion resistance to coatings based on conventional zinc phosphating (hopeite), it can therefore be a suitable alternative [11, 12] . In the context of comparing the properties of both types of coatings, it is necessary to compare their thermal stability. This study compared the thermal stability of both coatings via the DTA and TG methods.
EXPERIMENTAL
Sheets of non-alloy steel (100 × 100 × 1 mm 3 ) were used as the basis for coating. Steel was first blasted with alumina abrasive (F240). Subsequently, the samples were degreased in a solution of 15 wt. % NaOH at 70 °C for 5 minutes. This was followed by rinsing with deionized water, and pickling in 15 wt. % hydrochloric acid at 50 °C for 2 minutes. Finally, the plates were rinsed in deionized water and phosphated in either a bath of conventional zinc phosphate or a bath of magnesium phosphate. The composition of the individual baths and the coating conditions are summarized in Tab. 1.
After drying, a total of 20 samples of each type were subjected to gravimetric analysis to determine the specific coating weight (g/m 2 ) of the coatings. KERN ABJ analytical scales were used in the analysis and determination of the dimensions was made using a digital meter (KINEX Labo Iconic IP 67).
Before the thermal analysis, the morphology of the coatings was monitored using SEM and the identity and purity coating was confirmed by XRD. SEM scanning was carried out on the TESCAN Vega -3LMU device. X-ray diffraction analysis was performed on a Bruker AXS D8 (scanning by Cu lamp).
After drying, the individual crystalline coatings were scraped from the surface of the coated steel with a fine ceramic brush. The scraping off of the crystalline coating was carried out very slowly in order to avoid friction heating of the steel substrate and any thermal effect on the collected crystals. Prior to analysis, the samples were placed in a desiccator for 10 days for absolute drying. Measurement of thermal properties of individual phosphates was carried out on the Setari SetSys 1750 device. The temperature measurement range was set to approximately 20-700 °C with a heating rate of about 10 °C/min. Both samples were exposed in an environment with a nitrogen gas inlet of 20 ml/min. The weight of samples for TG/DTA analysis was comparable for both samples, i.e., 23.93 mg in the case of the sample of magnesium phosphate and 24.62 mg in the case of zinc phosphate. Table 2 . summarizes the results of gravimetric analysis for both the phosphate coatings. From the results, it is evident that the two coatings provide very similar basis weight; however, the coating of magnesium phosphate (newberyite) statistically has a slightly lower weight. These results correlate well with the degree of surface coverage, even though zinc phosphate (hopeite) is slightly higher. Weight and degree of surface coverage is related to the smaller grain size of the zinc phosphate precipitate (see Figure 1 and Figure 2 Records from XRD confirmed the presence of pure forms of newberyite (MgHPO 4 ·3H 2 O) formed on the surface of the alloy steel (see Figure 3) according to the following reaction [11, 12] When comparing the specific coating weight (g/m 2 ), degree of coverage and crystal size of both phosphate coatings, both can be attributed comparable anti-corrosion properties, which has been shown in [11] .
RESULTS AND DISCUSSION
The results of the comparative DTA analysis of both phosphate coatings are shown in Figure 5 . The TG curve of the two coatings is shown in Figure 6 . The initial decline of the DTA curve in "area 1" in the case of magnesium phosphate (newberyite) can be explained by a gradual dehydration of chemically unbound water (moisture) in the coating, and presumably the higher hygroscopic properties of newberyite crystals compared to hopeite crystals.
In "area 2" there is an obvious decrease in both curves indicating the progress of exothermic dehydration reactions. Although the dehydration reaction of the coating of magnesium phosphate (newberyite) runs at a slightly higher temperature (about 125 °C) than in the case of zinc phosphate (hopeite, about 115 °C), a considerably more vigorous dehydration is seen with magnesium phosphate coating.
At the larger multi-stage dehydration, the magnesium phosphate coating shows a strong decline in the curve in "area 3". In this area, the decrease in the curve is slower, characterizing the thermal stability of zinc phosphate (hopeite). It can be assumed that dehydration when the temperature has not exceeded 115 °C will be only partial and will continue until higher temperatures are reached. The initial temperature of dehydration of the zinc phosphate (hopeite) coating was set at an identical value as in other research [20, 22] . The curves of both phosphate coatings after the temperature exceeds 250 °C are very similar ("area 4"), without any indication of exothermic dehydration reaction.
When comparing the TG-curves (Fig. 6 ) both phosphate coatings clearly confirm the fundamental conclusions above. If the temperature exceeds 125 °C the weight pattern of the magnesium phosphate crystals decreases rapidly (indicating extensive dehydration of the coating). At 200 °C the weight of magnesium phosphate is decreased by about 25 %. The reduction in the weight of the sample zinc phosphate crystals is significantly slower.
Based on the data obtained, the conclusions set out in earlier works dealing with the thermal stability of zinc phosphate [20] [21] [22] can be confirmed, i.e. that the dehydration is more gradual and tiered. Conversely, magnesium phosphate dehydrates abruptly, the boundary temperature for rapid dehydration of magnesium phosphate (newberyite) is about 125 °C. Sharp dehydration of the magnesium phosphate coating after the temperature exceeds approximately 125 °C will result in a significantly greater percentage of cracks and discontinuities in the coating than would be the case of zinc phosphate. After exceeding said temperatures, reduced bond of applied coatings (e.g. thermosetting paint or plasma deposited coatings) can be expected to a greater extent.
Of course, there may be differences in the thermal loading of zinc phosphate [21] 
